abbreviations ABNS = American Board of Neurological Surgery; ACGME = Accreditation Council for Graduate Medical Education; OPRS = operative performance rating system; OSATS = Objective Structured Assessment of Technical Skills for Surgery; PGY = postgraduate year; VP = ventriculoperitoneal. obJect Currently there is no standardized tool for assessment of neurosurgical resident performance in the operating room. In light of enhanced requirements issued by the Accreditation Council for Graduate Medical Education's Milestone Project and the Matrix Curriculum Project from the Society of Neurological Surgeons, the implementation of such a tool seems essential for objective evaluation of resident competence. Beyond compliance with governing body guidelines, objective assessment tools may be useful to direct early intervention for trainees performing below the level of their peers so that they may be given more hands-on teaching, while strong residents can be encouraged by faculty members to progress to conducting operations more independently with passive supervision. The aims of this study were to implement a validated assessment tool for evaluation of operative skills in pediatric neurosurgery and determine its feasibility and reliability. methods All neurosurgery residents completing their pediatric rotation over a 6-month period from January 1, 2014, to June 30, 2014, at the authors' institution were enrolled in this study. For each procedure, residents were evaluated by means of a form, with one copy being completed by the resident and a separate copy being completed by the attending surgeon. The evaluation form was based on the validated Objective Structured Assessment of Technical Skills for Surgery (OSATS) and used a 5-point Likert-type scale with 7 categories: respect for tissue; time and motion; instrument handling; knowledge of instruments; flow of operation; use of assistants; and knowledge of specific procedure. Data were then stratified by faculty versus resident (self-) assessment; postgraduate year level; and difficulty of procedure. Descriptive statistics (means and SDs) were calculated, and the results were compared using the Wilcoxon signed-rank test and Student t-test. A p value < 0.05 was considered statistically significant. results Six faculty members, 1 fellow, and 8 residents completed evaluations for 299 procedures, including 32 ventriculoperitoneal (VP) shunt revisions, 23 VP shunt placements, 19 endoscopic third ventriculostomies, and 18 craniotomies for tumor resection. There was no significant difference between faculty and resident self-assessment scores overall or in any of the 7 domains scores for each of the involved residents. On self-assessment, senior residents scored themselves significantly higher (p < 0.02) than junior residents overall and in all domains except for "time and motion." Faculty members scored senior residents significantly higher than junior residents only for the "knowledge of instruments" domain (p = 0.05). When procedure difficulty was considered, senior residents' scores from faculty members were significantly higher (p = 0.04) than the scores given to junior residents for expert procedures only. Senior residents' self-evaluation scores were significantly higher than those of junior residents for both expert (p = 0.03) and novice (p = 0.006) procedures. conclusions OSATS is a feasible and reliable assessment tool for the comprehensive evaluation of neurosurgery resident performance in the operating room. The authors plan to use this tool to assess resident operative skill development and to improve direct resident feedback.
A lthough resident operative development is a key component of neurosurgical training, means of evaluating resident progress and skill acquisition are limited. Methods of evaluation of resident performance in the operating room, how skills develop over the course of training, and how to best quantify operative skills remain highly variable. 8 While competency-based resident education has been previously suggested as a means of improving neurosurgical resident training, the optimal means of evaluating competency have not been established. 11 Beginning in July 2013, the Neurological Surgery Milestone Project was launched as a joint initiative between the Accreditation Council for Graduate Medical Education (ACGME) and the American Board of Neurological Surgery (ABNS). These milestones are intended to be metrics by which residency programs can evaluate resident performance on a semiannual basis and report progress to the ACGME. Milestones include knowledge, attitude, and, notably, technical skills for each of the ACGME competencies. Residents are assigned a level of proficiency based on performance within each area of evaluation, independent of postgraduate year. Milestone performance data for each program will be evaluated by the Residency Review Committee as a component in the Next Accreditation System (NAS) to determine whether residents are progressing within a given program. 19 These milestones provide a standardized method of evaluating performance, but they do not provide a standard approach to evaluation of operative skill. 19 Even beyond implementation of these milestones, technical assessment tools have been difficult to implement and, therefore, have not become routine practice in most training programs. 22 A user-friendly evaluation tool could greatly improve resident evaluation and feedback. After reviewing the general technical assessment tools available in the literature, 1 we chose the Objective Structured Assessment of Technical Skills for Surgery (OSATS) global rating scale 17 (Table  1) . This tool, developed and implemented in the general surgery residency program at the University of Toronto, was selected because it is widely used and published in general surgery and has been validated for use in the clinical setting. 4, 13, 15, 17 This rating scale has an advantage over other means of evaluation, as it is not limited to a specific procedure, as checklist-based evaluations often are. This permits a more comprehensive assessment of technical proficiency.
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Our aims were to implement a tool that assesses neurosurgical residents' technical performance in the operating room and to determine the feasibility and reliability of such a tool as it relates to self-assessment, postgraduate year (PGY) level, and procedure difficulty. Ideally, this tool could provide a standardized means of evaluating resident proficiency, as well as provide information about the level of operative skill that could be expected within an individual rotation and within the residency program as a whole.
methods cases and research Participants
Residents completing their pediatric neurosurgery rotations were evaluated using the OSATS tool. This included 3 PGY-3s, 1 PGY-4, and 4 PGY-6s. Evaluations were also completed for a pediatric neurosurgery fellow. These evaluations were considered for purposes of completion data but were not analyzed against the resident evaluations (i.e., the fellow was not considered a resident). Evaluation forms were made available for all pediatric neurosurgical procedures performed at Texas Children's Hospital between January 1, 2014, and June 30, 2014. Evaluations of resident performance during the case were completed by one of 6 attending-level neurosurgeons. The faculty members who operated with the residents performed the evaluation immediately after completion of the cases. Residents also completed the OSATS form to evaluate their own operative performance. To minimize recall bias, all evaluation forms were required to be completed before leaving the operating room. Faculty and self-evaluation scores for each resident were compared, overall and within each domain. The forms were filled out independently. Evaluations were compared overall and then considered by procedure, excluding those procedures for which there was only a self-evaluation or only a faculty evaluation. The rate of response for all surgical cases in the study time period was 85.1% for faculty members and 87% for residents. Participation in this study was optional.
The Baylor College of Medicine Institutional Review Board granted educational exemption status for this project.
assessment tool
Our evaluation form (Table 1) is based on the OSATS global rating scale. 13, 17 The validated Global Rating Scale of Operative Performance includes a 5-point Likert-type scale with 7 categories: respect for tissue; time and motion; instrument handling; knowledge of instruments; flow of operation; use of assistants; and knowledge of specific procedure. Reznick and others [6] [7] [8] 16, 17, 23 have validated use of this grading scale for performance evaluation in bench models of surgical tissues. This scale and its variations have also been used to evaluate general surgery resident performance in the operating room in studies similar to the present one. 4, 15 The faculty evaluators discussed use of the evaluation tool to achieve uniformity in operative performance interpretation and evaluation.
statistical analysis
We evaluated construct validity by examining the difference in performance scores between faculty assessment and self-assessment, both overall and in 7 domains of performance. Scores were also considered by resident level, with PGY-3s and PGY-4s considered together as junior residents and PGY-6s considered senior residents. Additionally, evaluations were compared by difficulty of procedure, designated either as novice or expert. These designations were assigned by a single faculty surgeon evaluator. Analysis was performed using commercially available Microsoft Excel and Stata 13 (StataCorp) statistical software. A p value < 0.05 was considered significant.
results

Feasibility
Over a period of 6 months, 574 of 667 distributed assessments were completed, for a completion rate of 86%. Evaluations reflected 299 procedures, which were categorized as novice or expert ( Table 2) . Each of the 6 facultylevel surgeons completed evaluations for 62%-98% of the operations they performed during the period of the study; 112 evaluations were completed for the junior residents, and 93 evaluations were completed for the senior residents. Evaluations completed for a fellow in pediatric neurosurgery were not considered for purposes of this study. Each of the 8 neurosurgery residents who rotated through pediatric neurosurgery during this 6-month period completed evaluations for 73%-100% of the surgical procedures in which they participated during the evaluation period. The high rate of completion suggests that the use of this assessment tool is feasible for long-term evaluation of resident performance. All evaluations were completed before leaving the operating room at the end of the case. No questions were left blank.
validity
Resident and faculty evaluations were compared overall using the Wilcoxon signed-rank test (Table 3) . A significant difference between resident and faculty ratings was identified for overall scores (p = 0.036) and in the domain "knowledge of procedures" (p = 0.043). No other significant differences were identified. However, when faculty evaluations and self-evaluations were sorted by resident year and compared, the Wilcoxon signed-rank test showed no significant difference between faculty evaluation and resident self-evaluation scores overall or in any of the 7 domains of evaluation for either junior or senior residents. The correlation between resident and faculty scores for a given resident in a given procedure was evaluated by calculating the Pearson's r coefficient, which was 0.756, indicating a strong correlation between resident and faculty ratings. When faculty evaluations were compared between resident training levels, faculty members were found to score senior residents significantly higher than they scored junior residents in only 1 domain: "knowledge of instruments" (p = 0.049). Otherwise, there was no significant difference in faculty scores for junior and senior residents. Self-evaluations showed a much greater difference between junior and senior residents. Senior residents scored themselves significantly higher than junior residents scored themselves both overall (p = 0.007) and in all individual domains (p < 0.02), except for "time and motion" ( Table 4) .
Evaluations were also considered based on the difficulty of the procedure being performed. In expert procedures, faculty members scored senior residents' performance significantly higher than that of junior residents (p = 0.04); however, there was no significant difference in scores given to junior and senior residents by faculty members for novice procedures. Senior residents scored their own overall performance significantly higher than junior residents scored theirs for both expert (p = 0.006) and novice (p = 0.03) procedures (Table 5) .
When faculty evaluations and self-evaluations from individual procedures were directly compared, all 4 junior residents gave themselves scores that differed significantly from those given by faculty surgeons. Three junior residents gave themselves lower scores overall than faculty members gave them (p < 0.008), while 1 scored himself higher on self-evaluation than the faculty members scored discussion rationale for establishing a rating tool One of the challenges of teaching clinical medicine and surgery is recognizing how much a trainee should be allowed to undertake on his own without allowing the patient to be harmed under the hands of an inexperienced practitioner. These decisions are largely made based on subjective assessment of resident skill and judgment; however, there is an increased effort in graduate medical education to implement standardized metrics to better assess resident competence and the overall quality of resident education. 11 While the emphasis on competence assessment as a part of resident evaluation is not new, objective measures of neurosurgical trainee competence across a variety of procedures and skills have yet to be established. 6, 11 In the absence of an established standard for resident performance, it can be difficult to know what degree of competence is appropriate for given skills at a certain level. Interest in the objective assessment of these skills is growing rapidly. 6 In 2009, the ACGME began a campaign to reorganize resident education based on the reported performance outcomes of residency programs within 6 prescribed areas of clinical competence, originally released in 2002. 14, 21 A 2004 survey of neurosurgery residency program directors indicated that the majority of directors felt that these core competencies were difficult to understand and many others felt that the core competencies were not beneficial as metrics for resident progress or program success. 12 While the core competencies may not independently improve resident evaluation, these efforts also included steps toward the implementation of standardized assessment methods. The first operative rating scale to be approved for use as a component of a program's evaluation system according to the new guidelines was the operative performance rating system (OPRS) from the Southern Illinois University School of Medicine. 10 This system of evaluation relies on procedure-specific evaluation of resident performance in selected sentinel general surgery procedures. 10 Based on this rating scale, the OSATS was developed to evaluate performance independent of procedure. 15 This assessment tool has been validated for use to evaluate the performance of general surgery trainees, but it has not been used to evaluate trainees in other surgical fields.
2,3,8 Our study represents the first effort to implement this rating scale for evaluation of neurosurgery resident performance in the operating room. This rating scale can be used to direct feedback following a case, track resident progress during the course of the rotation, and give the residency training program information about areas in which there may be gaps in education.
using the osats for evaluation of neurosurgery residents
The OSATS is a comprehensive tool, but integration into the operating room workflow is feasible, as evidenced by the high completion rate of 86% observed in our study. Additionally, all of our evaluation forms were completed before leaving the operating room, as compared with other evaluation tools, such as the Southern Illinois University OPRS, which faculty members took an average of 12 days to complete in one study. 9 Assessments performed in such a delayed fashion suffer from recall bias, affecting their validity. Early completion of assessments is important to provide more accurate results and more timely feedback for residents. Completion of the modified OSATS evaluation form is not time consuming, which may improve compliance and accuracy. Participants in our study were not asked to time their completion of the survey; however, previous studies using the same tools have found that completion takes between 2 and 5 minutes. 4 Other explanations may be that the 6 faculty members involved in our study have a high interest in surgical education and were motivated to participate in the study. The high completion rate suggests that residents and faculty found the evaluation tool useful, as both groups appear to have prioritized survey completion even though completion was entirely voluntary.
Construct validity for neurosurgical residents was evaluated by comparison of evaluation scores between junior and senior residents and for novice and expert procedures. While faculty scores were significantly higher than resident scores both overall and in one of the domains of evaluation, this difference disappeared once scores were sorted by level of training. There were no significant differences between self-evaluation and faculty evaluation scores for either junior or senior residents in all domains of the scale, suggesting that the rating scale is, on the whole, a reliable representation of performance. This was further confirmed by the strong correlation between resident and attending scores (r = 0.756). When procedures were considered based on difficulty, average scores assigned by faculty surgeons for expert procedures were significantly higher for senior residents ( Table 5 ), suggesting that this tool does reflect resident progress, particularly in performance of more complicated operative tasks.
When self-evaluation scores were compared between junior and senior residents, there was a significant difference between junior and senior resident scores overall and for all but 1 domain. However, when faculty surgeon scores for junior and senior residents were compared, there was a significant difference in only 1 domain of performance. This may indicate that residents' evaluations of their own skills are more sensitive to minor improvements, whereas faculty surgeons may be less sensitive to improvement in the performance of more simple procedures. The observation that there is a significant difference between faculty evaluation of junior and senior residents during more difficult procedures further supports this idea. This finding suggests that self-evaluation may be an important component of evaluation of resident progress.
While, overall, self-evaluation and faculty scores were not significantly different, when self-evaluation and faculty scores were compared on an individual resident basis, 3 of 4 junior residents scored themselves significantly lower than the faculty members scored them, while senior resident scores were individually more consistent with faculty evaluation. While this may simply represent a desire to not overestimate one's skill as a junior resident, it may indicate that residents become better able to assess the quality of their own performance as they progress through the training program.
limitations and Future directions
A major limitation of our study is that it was performed at a single institution. It is possible that the use of this assessment tool would produce different results at another institution. A second limitation is the small number of residents who rotate through the pediatric neurosurgery service and the number of faculty members on the pediatric neurosurgery staff. This study was also limited to a short time frame of only 6 months. Going forward, we plan to examine a longer period, ideally including multiple rotations and progression of resident level of training in the analysis. These preliminary findings are beneficial, however, as they may encourage others to adopt this assessment tool, permitting consideration of multiple institutions in future analyses and thus increasing the power of the results.
The small number of residents also limits the power of the current study. A sample calculation was performed for the OSATS using a predetermined power of 0.8, p < 0.05, and a large effect size (Cohen's d = 0.86). This indicated that 26 residents would be required to achieve these results. Our current sample size of 8 residents limits our ability to identify significant differences in performance and correlations between experience and performance. These 8 residents represent 8 out of a total of 12 residents who rotate in pediatric neurosurgery at our institution in a given year. This small class size calls for a multiinstitutional approach in future work to ensure a sufficient sample size.
An additional limitation is the unblinded nature of this study. Since the evaluators were the surgeons who operated with the resident, they were aware of the resident's identity, which may affect the results. Future directions for research may lead us to video-based assessment of resident operative skill, which can limit personal bias; however, this would also limit the domains that could be evaluated.
Our current study was also limited by the variability in the number of evaluation forms completed for each resident. The completed forms do not represent performance over the course of the entire pediatric neurosurgery rotation. Residents are expected to improve their performance on surgical procedures over a subspecialty-focused rotation, and evaluation of this progression of skill would be useful. 8 In the future, we plan to evaluate the longitudinal validity of the OSATS evaluation tool during the pediatric neurosurgery rotation. Additionally, our validation of the OSATS as a reproducible measure of competence was limited by lack of data to determine inter-attending variability in rating. Only one attending surgeon observed each procedure. There was considerable variation in the procedures and level of difficulty, and there was considerable variation in the number of evaluations each faculty surgeon completed for each resident. Because of this variation, we were unable to compare the scores given by multiple attending physicians to a given resident performing a single procedure to confirm reproducibility. Going forward, asking several faculty surgeons to evaluate the same resident during the same procedure could further validate the rating tool by permitting direct comparison between attending ratings. This comparison would then provide information about how reproducible the ratings are, independent of the attending surgeon. In the future, establishing a small number of common procedures for which multiple attending and self-evaluations could be compared would also allow for assessment of the internal validity of this tool.
In addition to fulfilling the requirements of the ACGME and ABNS, we plan to use this tool to provide meaningful feedback to residents. While in residency, trainees are expected to reach performance goals at each stage of training. Unfortunately, these goals are often not well defined nor are they always associated with detailed feedback to aid in meeting these achievement milestones. 8, 18, 20 Providing timely and structured feedback to neurosurgery residents may help accelerate their learning curve. 5, 8 For this reason, we also aim to use this tool to provide residents with a better understanding of the level of their surgical skills as compared with the expectations for their stage of training, as well as helpful information to guide further improvement. Going forward, we plan to assess the utility of this tool in this capacity by asking residents to provide feedback about whether the OSATS was used to direct feedback from faculty and if they found that it improved their ability to implement suggestions for improvement.
conclusions
The OSATS has been previously validated for evaluation of general surgery resident operative performance. 15 We used this scale for evaluation of neurosurgery resident performance during the pediatric neurosurgery rotation, with the goal of validating this tool for use as a standard metric for assessment of resident performance. While there was not a significant difference across all domains between junior and senior resident performance, there was a significant difference between self-evaluation for junior and senior residents and a significant difference between faculty evaluation of junior and senior residents for procedures with an expert level of difficulty. These results represent preliminary evaluation of the OSATS for use in the evaluation of neurosurgery residents. While further work is warranted to confirm the reliability of this tool as a standardized assessment of resident skill, our findings suggest that the OSATS may be used to direct individual feedback to residents and advise on improvement of operative skills.
Furthermore, this tool may additionally be useful to document resident improvement, providing residency programs with meaningful information about resident competence and progress.
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